The co ef fi cients of vis cous drag and in er tia re sis tance are the key pa ram e ters for the flow of liq uid me dium in po rous me dia, such as leak ing pol lut ant mi gra tion of oil pipe line in soil [1], con tam i nated soil clean ing [2], oil field flood ing [3] , and oil field wa ter treat ment [4] .
In tro duc tion
The co ef fi cients of vis cous drag and in er tia re sis tance are the key pa ram e ters for the flow of liq uid me dium in po rous me dia, such as leak ing pol lut ant mi gra tion of oil pipe line in soil [1] , con tam i nated soil clean ing [2] , oil field flood ing [3] , and oil field wa ter treat ment [4] .
A large num ber of stud ies on the flow of fluid in po rous me dia have been car ried out, and cor re spond ing com pu ta tional mod els have also been de vel oped. For ex am ple, the re sis tance char ac ter is tics of po rous me dia were sim u lated by us ing glass ball [5] . The sim u la tion of two-phase flow in po rous me dia was in ves ti gated by us ing the sim u la tion method, based on the po rous me dia the ory and the cap il lary hysteretic in ter nal vari able mode [6] . A chan nel model of par ti cle filled po rous me dia was es tab lished, and the re sis tance char ac ter is tics of sin gle-phase wa ter adi a batic flow were nu mer i cally sim u lated [7] . Boltzmann sim u la tion method was more suit able for the re al iza tion and re search of mi cro-struc ture of po rous struc ture [8] [9] [10] [11] [12] . For ex am -ple, per me abil ity of po rous me dia was cal cu lated us ing Boltzmann model [13] , and a lat tice Boltzmann method was used to sim u late the bound ary be tween the po rous struc ture of the solid and the fluid [14] . The stated stud ies show that the re sis tance co ef fi cient of po rous me dia is very im por tant for the study of the flow of spheres in po rous me dia, how ever, there are few lit er a tures about the re la tion ship be tween the co ef fi cients of oil and wa ter mi gra tion re sis tance in po rous media.
In this pa per, the flow re sis tance char ac ter is tics of oil and wa ter in po rous me dia were stud ied, and po rous me dia were con structed by Quar tet Struc ture Gen er a tion Set. Based on the Boltzmann method, mesoscopic sim u la tion of oil and wa ter me dium flow in po rous me dia with dif fer ent po ros ity un der dif fer ent driv ing pres sure was car ried out. In the later stage, the re sistance co ef fi cients of po rous me dia with dif fer ent po ros ity were ob tained by fit ting the driv ing pres sure with the flow av er age ve loc ity. The curves of the vis cous re sis tance co ef fi cient and the in er tia re sis tance co ef fi cient with the po ros ity were fit ted, and the cor re spond ing equa tions were ob tained. Fi nally, the vari a tion law of the re sis tance co ef fi cient was an a lyzed.
Method

Phys i cal and math e mat i cal mod els
A small area (0.002 mm × 0.002 mm) in a po rous medium is se lected. The 2-D phys i cal model of oil and water mi gra tion in po rous me dia is shown in fig. 1 . Among them, the ADEH re gion is the com pu ta tional area (lat tice num ber 200 × 200). The left bound ary AH is high concen tra tion bound ary. The right bound ary DE is the low con cen tra tion bound ary, and bound aries EH and AD are im per me able. The BCFG re gion is filled with po rous me dia, and the ABGH and CDEF zones are buff ers. Where W is the width of the buffer, e is the po rous me dia po ros ity was put in front of the di rec tion of oil and wa ter mi gra tion is from left to right in po rous me dia. Sim u la tion con di tions are shown in tab. 1.
The stan dard col li sion mi gra tion rules and lat tice units are em ployed in this sim u la tion. At the same time, the time step and the grid step length are both 1, ¶t = ¶x = ¶y = 1. As can be seen from the con di tions, the den sity of the grid is equal to 1.
Sim u la tion con di tions of re gional bound ary set ting are: up per boundar u = 0, lower bound ary u = 0, left bound ary U = 0.001, P = P in , right bound ary P = P out , solid bound ary of porous me dia ¶u/ ¶n = 0.
Lat tice Boltzmann model
The lat tice Boltzmann model is em ployed in the D2G9 model [15] . The evo lu tion equa tion of the den sity dis tri bu tion func tion is:
f r e t t t f r t f r t f r t 
where c is the lat tice ve loc ity, u -the fluid ve loc ity, P -the pres sure, and
where e i is the dis crete ve loc ity, the weight co ef fi cients are w 0 = 4/9, w 1-4 = 1/9,
The ve loc ity and pres sure of a fluid are cal cu lated:
The mac ro scopic gov ern ing equa tions of fluid can be de rived as
The model's four bound aries are treated with the non-equi lib rium ex trap o la tion scheme and two or der ac cu racy pro posed by [16] . Then the bound ary of solid par ti cles in po rous me dia region adopts the re bound scheme pro posed by [17] . The con ver gence cri te rion is given:
where h is a small amount which is 10 -6 .
Re sis tance co ef fi cient ac qui si tion model
For the limit in high ve loc ity flow, it is nec es sary to ex tend Darcy's law. The vis cous re sis tance and the in er tia re sis tance should be con sid ered in the ex pan sion. The co ef fi cient of resis tance is ob tained by us ing the bi no mial law of seep age. 
where DP is the pres sure drop for a fluid pass ing through a po rous me dium, v -the flow ve loc ity, a 1 and a 2 are the fit ting co ef fi cient, Dn -the thick ness of the po rous me dium, 1/a -the co ef ficient of vis cous re sis tance, and C 2 -the co ef fi cient of in er tia re sis tance.
Re sults and dis cus sion
Ran dom dis tri bu tion po rous me dia with po ros ity 0.5/0.6/0.7/0.8/0.9 are con structed. The sim u la tion is car ried out when the pres sure dif fer ence is 0.001/0.01/0.05/0.1. The oil and wa ter den sity are 838.8 and 998.2 kg/m 3 , re spec tively. The vis cos ity of oil and wa ter is 0.008832 and 0.001003, kgm/s, re spec tively.
Po rous me dium
The po rous me dia are gen er ated by the ran dom Quar tet Struc ture Gen er a tion Set [18] . The growth rate of solid growth nu cle ation is se lected 0.01, and growth ker nel dis tri bu tion is 0.01. Fig ure 2 shows po rous me dia struc ture di a gram with po ros ity of 0.5/0.6/0.7/0.8/0.9.
Mesoscopic mi gra tion char ac ter is tics of oil and wa ter
Po rous me dia po ros ity 0.5/0.6/0.7/0.8/0.9 and the sim u lated drive pres sure dif fer ence 0.001/0.01/0.05/0.1 are se lected. Through the trans for ma tion be tween the grid unit and the phys ical unit, wa ter mi gra tion phys i cal pres sure is 0.362801797/3.628017971/18.14008986/ 36.28017971, Pa, and oil mi gra tion phys i cal pres sure is 33.47686864/334.7686864/ 1673.843432/3347.686864, Pa. In this pa per, the ve loc ity pro files and pres sure pro files of po rous me dia and stream line pro files are used to com pare the re sults of oil and wa ter.
Fig ure 3 shows the ve loc ity pro files of oil and wa ter mi gra tion in po rous me dia, when the pres sure dif fer ence is 0.001/0.01/0.05/0.1 and the po ros ity is 0.6. The blue re gion is the solid struc ture of po rous me dium. As can be seen that the oil and wa ter mi gra tion in po rous me dia has many main stream from left bound ary to right bound ary, and the main dis tri bu tion of dif fer ent pres sure dif fer ence of po rous me dia is the same. The po si tion (x = 152, y = 109) of the max i mum ve loc ity point of oil and wa ter mi gra tion in po rous me dia is con sis tent. In po rous me dia, ve loc ity does not change from large to small along the di rec tion of flow. It is larger in smaller pores, but smaller in larger pores. The ve loc ity of some pore area in the po rous me dium is 0 when the pressure is small, which in di cates that it is nec es sary to have a crit i cal pres sure of oil and wa ter move ment in po rous me dium when the fluid filled with all voids. The dis tri bu tion of oil and water at dif fer ent pres sure gra di ents, and the over all dis tri bu tion of the ve loc ity are ap prox i mately sim i lar, but the ve loc ity in creases with the in crease of pres sure, which shows that the dis tri bution of oil and wa ter mi gra tion ve loc ity is de ter mined by the struc ture and pres sure of the po rous me dium. The av er age ve loc ity, the max i mum ve loc ity and the av er age ve loc ity of the out let face are ob tained from the sim u la tion in figs. 4-6. As shown in ve loc ity curves 4-6 at dif fer en tial pres sure dif fer ence of the oil and wa ter, it can be seen that the av er age ve loc ity and max i mum ve loc ity of ex port ter mi nal in crease, with the in crease of pres sure.
Fig ure 7 shows the pres sure pro files of oil and wa ter mi gra tion in po rous me dia when the pres sure dif fer ence is 0.001/0.01/0.05/0.1 and the po ros ity is 0.6, and the blue re gion is the solid struc ture of po rous me dium. From the dis tri bu tion of pres sure nephogram, as the oil and wa ter flow in the po rous me dium, the pres sure of en closed pore (light blue part) does not change with the pres sure be tween the two sides. The pres sure in po rous me dia de creases along the direc tion of fluid-flow, and the pres sure dis tri bu tion is re lated to the pore struc ture of po rous media. Un der dif fer ent pres sure gra di ent, the pres sure dis tri bu tion of oil and wa ter in po rous me dia is sim i lar. In the po rous me dium, the solid struc ture is ran domly dis trib uted, and the po rous cavity with dif fer ent shapes can be formed, and the en trance and exit of many cav i ties are con nected with each other, thus form ing the whole struc ture of the po rous me dium. For a sin gle cav ity, the main con trol point of the pres sure is the in let and out let of the cav ity. From the pres sure nephogram, the pres sure val ues of the max i mum ve loc ity point at dif fer ent pres sure are obtained, and the pres sure re duc tion rate is shown in figs. 8 and 9.
As can be seen from figs. 8 and 9, as the pres sure gra di ent in creases, the pres sure reduc tion rate in creases grad u ally, but the change is smaller. The pres sure re duc tion rate of wa ter is about 76.48%, and the pres sure re duc tion rate of oil is about 76.3%.
Oil and wa ter re sis tance co ef fi cient fit ting
The po rous me dium at po ros ity 0.6 is cho sen to ob tain the drag co ef fi cient. When the driv ing pres sure dif fer ence is 0.001, 0.01, 0.05, and 0.1 (lat tice unit), the av er age ve loc ity (lat - tice unit) of fluid in po rous me dia is ob tained. Then the lat tice units are trans formed into mac roscopic phys i cal units. Ac cord ing to the re sis tance co ef fi cient ac qui si tion model, tak ing the mean ve loc ity of fluid in po rous me dium (mac ro scopic phys i cal unit) as ab scissa, the pres sure (mac roscopic phys i cal unit) of unit length in left and right di rec tion as or di nate, two time curves and equa tions are fit ted. Ac cord ing to eqs. (13) and (14), the co ef fi cients of vis cous re sis tance and in er tia re sis tance of po rous me dium are ob tained.
When the fluid is wa ter in po rous me dium, and a1, a2 are the co ef fi cients of equa tion obtained by two time curve fit ting method, and a1 is 0.24×10 7 , a 2 is 5.88×10 7 . Ac cord ing to eqs. (13) and (14) , the vis cous re sis tance co ef fi cient and the in er tia re sis tance co ef fi cient of po rous medium are ob tained, and the vis cous re sis tance co ef fi cient is 2406779661, the in er tia re sis tance co ef fi cient is 117810.06. When the fluid is oil, and a1 is 0.0023×10 7 , a2 is 4.94×10 7 , and the viscous re sis tance co ef fi cient is 2604166.67, the in er tia re sis tance co ef fi cient is 117811. 16 .
The re sis tance co ef fi cients of po rous me dia with dif fer ent po ros ity are ob tained ac cord ing to the method of ob tain ing the re sis tance co ef fi cient. Tak ing the po ros ity as the ab scissa, and the vis cous re sis tance co ef fi cient and the in er tia re sis tance co ef fi cient as the or di nate, the two curve fit ting meth ods are used to ob tain the change curve of the drag co ef fi cient with the po ros ity of the po rous me dium. The vis cous re sis tance co ef fi cients of oil and wa ter are shown in figs. 10 and 11, and the in er tia re sis tance co ef fi cients are shown in figs. 12 and 13.
Com par ing co ef fi cients of oil and wa ter re sis tance co ef fi cient equa tions, it is ob vi ous that the co ef fi cient of vis cous re sis tance is greater than the co ef fi cient of in er tia re sis tance. And the vis cous re sis tance co ef fi cient of wa ter is greater than that of oil vis cous re sis tance co ef ficient, and the co ef fi cient of in er tia re sis tance of oil and wa ter is nearly same.
Con clu sion
Through the sim u la tion of oil and wa ter mi gra tion in po rous me dia, the equa tion of resis tance co ef fi cient of po rous struc ture with dif fer ent po ros ity was ob tained. The con clu sions are given as fol lows. · When the same fluid passes through the po rous me dium, the co ef fi cient of vis cous re sis tance is greater than the co ef fi cient of in er tia re sis tance. · When the dif fer ent fluid passes through the po rous me dium, the vis cous re sis tance co ef fi cient of wa ter is greater than that of oil, and the co ef fi cient of in er tia re sis tance of oil and wa ter is nearly same.
